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@ improvement In apparatua for co-extrualon of a dough maaa having diaaimOar 

An exit orifice of an outer sxtmsion port of a co-extrusion 
apparams for producing a composite douflhy rope-Cke ex- 
twdalB product has a D-shaped cross-section with a straigm 
boundary line or edge locatad at an upstream side of the exit 
orffice relaiive to the diraction of motion of a conveyor for 
taking up and transportuig the extrudata product The D- 
shaped cross-section of the exit orifice results in an extrudata 
product having on one side a flat surtace which engages the 
surface of the conveyor upon deposition of the product there- 
oa An inner ex&rusion port recessed by a distance from the 
outer extnision port has an exit onhce with a substantiaay 
oval cross-section taking ttie fonn of a pair of semicteular 
end portions jooied by a rectangular central poftfaa The 
cross-aectiQns of the est orifices are eksngatad in a direction 
extending parallei to the directnn of motion of the conveyor. 
The outer extrusion port has a O-shaped edge for causing the 
tumbling of panides in an outer doughy mass extruded be- 
tween the inner and outer axtrusxxi ports.'The outer extrusion 
port has a land surface extandsig parallei to the (Srection of 
extrudata ftow for peeling off dough surface layers adhering to 
p8rtk:les tumbled paniafly through the outer surface of the 
extrudate mass. 



Inner and outer portions. 



CM 
< 

m 
rs 



a. 

ui 



RvikXaroc 



0 177 175 



IMPqQV^MSNT IN APPA^RATM^ FQq CQ-FXTPUSION OF A DOUGH MAS<^ HAVIMH p «c^C tM» AR .MNPR ANH mm 

PORTIONS 



The prsssnt invontion relates to the manufacture of 
edible products having dissimilar inner and cxrter portiona 
More particularty. the present invention Is directed to the 5 
manufacture of food products wherein an inner dough por- 
ton is enveloped by an outer dough portm 



Backoround of the Im^ention 



10 



The types of products to which the present inventxjn 
relates include baked goods produced from dough pieces 
having an outer layer of farinaceous dough and a core 
which may be a dissimilar dough or another material such 
as a jam, aeam, puree, paste, or other extrudaWe. form of 75 
fruit cheese, meat vegetabte, confection or other edible 
substance. In those products where the core is also a 
dough, the inner and outer doughs wouW be advanta- 
geously dissimilar in composftion so as to produce different 
tastes, coksrs, appearances, textures, consistencies, or the 20 
like in the inner and outer portions of the baked pnxiuct 
The present invention is particulariy useful in producmg 
such baked goods having particufata matter, such as choco- 
late chips, cancfied fruit nuts, raisins, and the like, in the 
outer portion. 25 

In the past products having different inner and outer 
portions have been formed by concemricafly extruding an 
extrudaie rope as shown in U.S. Patent >4a 3,572.259 to 
Hayashl 

An automatic machine for making fiUed baked goods is 30 
described in U.S. Patent Na 3,196^10 to Roth. In this 
patent a plurality of cSes dsposa flavoring maierial within a 
dough. U.S. Patent Na 3,778^ to Wallace at at dis- 
ch5ses an apparatus for forming a food extruskxt in which 
an inner meat food is totally enrobed by an outer moidable 35 
food by using a co-extrusksn nozde and a pav of augers to 
force food products through the oO"«trusion nozzle finom a 
respective pair of food hoppers. Augers are particularfy 
useful for the axtmsion of foods, such as dough, in order to 
achieve a consistent QuaSty. refiabifity and high effkaency in 40 
the high speed manifacture of snacks such as cookies, 
chocolate layered foods and the iSce. 

• In the manufacture of co-extnxtod fbod substances, it 
is common to require that the outer fbod substance encap- 
sulates or enrobes an inner food substanca m aa Patent 45 
Nos. 3.778,209 to Waflaca at at and 3,249,068 to Gem* 
bcki. the enfotxig action is obtained by controlling the 
motkan of a plunger or piston used in connectton with the 
feeding of the food material to be encapsulaiad. In U.S. 
Patent No. 4,251,201 to Kiysiak, an enrobed food piece is 50 
produced with an apparatus that indudes speciaDy sequen- 
ced feed mechanisms used to co-eoonjde an inner and 
outer food product from coaxial dies in oombinatkxi with a 
sequence-coordnated iris-shaped cut-off valve that is cfose- 
ly mounted to the discharge ports of the extrusfon dies. TTw 56 
iris valve ojtB the co«irusfoo just at a time when the feed 
of both tf^ inner finer and outer enrobing foods is &iter- 
rupted and the space in which the valve acts is essentiafiy 
fiDed with the outer enrobing food. This tschrw^ appears 
to depend upon a relatively easy fkjwabiTity of the outer so 
fbod substance so as to coat the rear of the inner fbod 
while the iris vahn is about to cfose and appears limilBd in 
operatBig ^seed because the feed of both inner and outer 
foods must be interruptsd for each food piece manure- 
tured. 35 



More recently, reiativeiy high speed methods and ap- 
paratuses have been developed whereby an inner dough 
cxhextnxJed with an outer dough is enrobed by severing the 
outer dough with a blunt severing edge or a severing 
element which simultaneously draws the outer ctough over 
the inner dough on both sides of a severed element to fomi 
a fully enrobed food piece. See, for example, our U.S. 
PatKTt Appfication Serial No. 06/307/401. 

Our European Patent Applicalion Na 853049663 dia- 
doses a method and apparatus whk:h facilitates incSusfan of 
pardculats matter in the outer portion of a co-extruded 
dough rope. The apparatus set forth in that appfication 
includes an inner extrusion port through which an inner 
porton of the extrudate material is extruded and an outer 
extrusion port The (XJler extrusion port has a generally 
annular extmsion orifice greater in crx3ss-S8cbonal area than 
the extrtision orifice of the inner axtmsion port. The inner 
extrusion port is recessed from the outer extrusion port by a 
distan<» jaifficient to allow passage of the outer dough, 
wfMch contains partk^lata material, between the ports with- 
out agglomeration of the panicies. Turtxilence is induced in 
the outer dough for causing the particles therein to pene- 
trate the exterior surface of the outer doughy mass, the 
tmtxjJence being induced by a substantially sharp circular 
edge formed by the intersection of a generally amiar \M 
surface generally parallel with respect to the axis of the 
outer extrusfon port and an annular beveied surtace inciited 
at an angle with respect to the axis of the outer extrusion 
port 

According to the method and apparatus disctosed in 
our said European Patent Appficatxxj the cyCndrical ex- 
trudate is deposited on a continuousfy moving conveyer 
spaced at a distance from the outer extrusfon port TTie 
conveyor transports the extrudasa material from the axtn/d- 
ing statfon to a cutting statfon and from there to a baking 
staifon. 

At a cutting station a coaxial axtrudate rope may be 
formed into a series of discrete items such as cookies each 
having an inner portion of one material and an outer portion 
of another material substantially surrounding and enctosfog 
the inner portion. The cutting end formation of the coaxial 
SBCtrudate rope imo the multiplicity of discrete items may be 
accompCshed by a cyfindricai cutter member having a fafum 
circular fower edge by means"of which the outer portion of 
the extrudate material is dragged downwartfly toiwd the 
plane of the conveyor upon a downward motfan of the 
cutter member. It has been found that waste material accu- 
mulates at the cutting station and that the accumuiaion is 
sxasceriaatad by a mispositioning of the extrudate rope upon 
the conveyor so that the extrudate fails to pe .?8 cfirectly 
befow the cutter member at the cutting station. 

An aim of the present invemion is to provide an 
improved apparatus for the coextrusfon of a coaxial ex- 
tnjdate rope-Gke material having an inner portion and a 
dissimilsr outer portfon. the improved apparatus resulting in 
a reduced amount of waste material at the cutting station 

Another aim of at least the preferred forms of the 
present invention is to provkte such a co-exfrusfon appara- 
tus in which the mispositioning of tfie extrudate material on 
the moving conveyor is decreased, if not efiminaled. 
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The present invention is directed to an improvement in 
an apparatus useful for forming a continuous food extrudate 
having an inrter portion and a doughy outer portion dissimi- 
lar thereta wherein the inner portion is enveloped by the 
outer portion. The apparatus comprises an inner extrusion 
port, an outer extrusion port, a first conduit a second 
conduit and a conveyor. The inner extrusion port has an 
inner exit orifce witft a first cross-sectional area through 
which the inner portion of the extrudate is extruded, while 
the outer extmsion poa has an outer exit orifice with a 
second cross-sectional area greater than the first crx)ss- 
sectional area The inner extrusion port is spaced from the 
outer extrusion port to define an exit passage between the 
inner extrusion port and the outer extrusion port The first 
conduit communicatas with the inner extrusion port for pro- 
viding the inner portion of the extrudate material thereto, 
while the second conduit communicates with the exit pas- 
sage for providing Ihe doughy outer portion thereto, where- 
by the doughy outer portion passes through the exit pas- 
sage and envelopes the inner portion extruded through the 
inner extrusion port The conveyor Is a continuously moving 
conveyor for receiving the food product upon extrtjsion 
thereof through the inner and the outer extrusion ports* The 
motion of the conveytx has an upstream side and a down- 
stream side with respea to the extrusion ports, the up- 
stream and downstream sides defining a direction substan- 
tiaify perpendicular to the direction of extrudate flow through 
the extnision ports. 

In accordance with the present invention the outer exit 
orifice, the exit orifice of the outer extrusion port has a 
cross-section defining a straight base fine at the upstream 
side as defined by the direction of conveyor motioa The 
shape of the cross-section of the outer exit orifice results in 
the production of an extmdate material having a stmdar 
cross-section, whereby Ihe food product is positioned on tfie 
conveyor. 

In accordance with a preferred feature of the present 
invention, the cross-section of the outer exit orifice has a 
straight Rne boundary at the upstream side (relative to the 
oom/eyor). The straight Dne boundary extends substantially 
perpendicuiariy-to the direction of motion of the conveyor as 
»en in an orthographic projection of the outer exit orifice 
onto the conveyor. The straight Rne boundary of tie outer 
exit orifice ensures that the rope-like food product has a flat 
surface along one side, this flat surface engaging the sur- 
face of the conveyor. In contrast to conventional cylindricai 
Qxtrudaxes. which have a tendency to ro« or otherwise shift 
their positions with respect to the conveyor, an extrudate 
produced by . a co-extnision apparatus having the improve- 
mem according to the present Invention assumes a fixed 
position relative to the conveyor upon an initiaJ contact 
therewith fn the region of the extruding station. The flat 
surtace at the upstream side (retative to the cfirection of 
conveyor motion) of the extrtxiate irx:rBases the stabiTrty of 
the extrudate upon the conveyor and results in a greatly 
reduced tsrxlency of various portions of the extrudate to 
3hift their positions relative to the conveya and to one 
another. 

In accordarxse with a prefened feature of the present 
invention, the cross-section of the outer exit orifice is D- 
shaped with a curved boundary at the downstream side 
oppositB the straight fine bourxlary at the upstream side. 

Pursuant to another preferred feature of the present 
invention the inner exit orifice, j^fi^ttie exit orifice of the inner 
extrusion p(»t has a generally oval cross-section with a 
length dimension and a width (fimension measured sul)stan- 



tially perpendicularly thereto. The length dimension is larger 
than the width dimension and is measured in a dimction 
extending from the upstream side to the downstream side of 
the extrusion ports relative to the direction of motion of the 
5 awveyor. Preferably, the cross-section of the inner exit 
orifice takes the form of a pair of semicircular end portions 
joined by a rectangular center portion. 

In addition, the cross-section of the outer exit orifice 
advantageously has a lengtti dimension larger than the 
10 width dimension thereof and larger than the leogtfi of the 
inner exit orifice, the length of the outer exit orifice also 
being measured perpendicularly to the direction of extrudate 
flow through the orifice and from the upstream side to the 
downstream si0e. as defined by the direction of conveyor 
'5 motion. 

A coaxial extrudate produced by a co-extrusion appara- 
tus incorporating the present invention has, upon deposition 
of the extrudate on the moving conveyor, a height mea- 
sured perpendicularfy to the surface of the conveyor, which 

20 heigm is greater than the dimension measured parallel to 
the conveyor surface. Cylindrical extnjdates formed by con- 
ventional oo-extrusion apparatuses invariably have a height 
dimension which is less than the <fimension measured par- 
allel to the conveyor surface, because of the settiing of ttie 

2S food product upon deposition thereof on the moving con- 
veyor. The improvement in acconiance with the present 
invention permits a grsatar control of the geometry of tiie 
extrudate on the moving conveyor and thereby facilitates a 
reduction in waste matanal at the cutting statioa 

30 In accordance with a further prefenred feature of the 

present invention, the cross-sectional area of the inner exit 
orifice is between 0,500 square inch and 0.330 square inch 
and is preferably approximately 0.318 square inch, while the 
cross-sectional area of the outer exit orifice is between 

05 0^0 square inch and 0.580 square inch and is preferabfy 
approomaiBly 0.571 square inch. In addition, tiie cross- 
section of the outer exit orifice has a semidrcular Bnd 
portion on the downsti^am side and a substantially rectan- 
gular portion on Ihe upstream side. Preferably, the length 

40 and ttie width of ttie inner exit orifice are approximately 
0.687 k)ch and 0.562 inch, respectiveiy. while the length 
arxj ttie width of the outer exit orifice are approximalBly 
0.844 inch and 0.750 inch, respectively. 

It is to be noted that the improvement according to the 

45 present invention has further ^spfications where a single 
material such as a doughy food product with or without 
particulate matter is being continuously extnjded.and depos- 
ited upon a contiTHxni^ moving conveyor. The present 
invention can easily be adapted for use in many axistmg 

50 extruding apparatuses without oetensive modifications there- 
ta 

Brief Description of the Or^pg 

55 Fig. 1 is a schematic side view, partially in cross- 

section, of a co-extrusion apparatus incorporating the inv 
provement in accordance with tiie present inventiort, 

Ftg. 2 is a simplified schematic cross-sectional view 
similar to Fig. l of a co-extrusion apparatus irworporating 

60 the improvemem in accordance with the present inventicxi. 

Fig. 3 is a simplified schematic cross-sectional view 
similar to Fig. 2, which further iOustretes an inner doughy 
mass and outer doughy mass containing partictitate ma- 
terial 

65 Fig. 4 is a plan view taken along Une IV-IV in Fig. 2. 

Fig. S is a schematic side view, partially in cross- 
section, similar to Fqs. 1 and 3. 
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Fig. 6 is a plan view similar ta Fig. 4, showing another 
embodiment- of the apparatus in accordance with the 
present invention. 

Detailed Descriofon of PretenrBd EmfaodifTwntfl 

As iSustrated in Fig. 1. a co-extrusion apparatus 5 
comprises a die casing 7 and an inner filler tube or ex- 
trusion conduit 10. The erxj of inner extrusion corxjuit 10 
terminates with an inner axtnaion port 11. Surrounding 
inner extaision conduit 10 is an outer extrusion conduit 23 
which is defined by the outer wail of inner extnjsion conduit 
10 and the wan 29 of a die castbig 7. Mounted on the 
bottom of die casting 7 and positioned below inner extrusion 
port 1 1 is an extnjsion die p^ 20 in which is provided an 
outer extrusion port 21. Positioned t)eiow outer extrusion 
port 21 is a conveyor 30 for receiving and transporting 
rope-like extrudata matenal prx>juc8d by the co-extrusion 
apparatus to a cutting station and from there to an oven. 

Apparatuses for the manufacture of food products hav- 
ing dissimilar Inner and outer portions by co-extrusion 
through concentric inner arxj outer extrtjsion nozdes or 
conduits are themselves wefl imown and do not require 
detailed discussion. 

A first conduit 31 and a second conduit 37. ilkistratsd 
in phantom in Rg. i , represent means for feeding the inner 
doughy mass to fifier tube 10 and the outer doughy mass to 
outer extrusion conduit 23 respectively. Conduits 31 and 37 
extend from respective hoppers and the feeding is imple- 
mented by auger devices or by pressuhzad gas. as is well 
known in the art. As illustrated in Rg. i, outer extrusion 
conduit 23 has a greater cross-sectionai area on the nght 
hand side of the figure where the outer doughy mass is fed 
into the outer extrusion conduit The outer doughy mass 
sunounds inner filler tube 10 arxJ is forced through an exit 
passage 28 between inner extrusion port 11 and bottom die 
plate 20. whereby the outer doughy mass surrounds arxf 
envelopes ttie inner doughy mess extruded through inner 
extrusion port 11. The composite outer doughy mass envel- 
oping the inner doughy mass is forced or co-extruded 
through the outer extnjsion port 21 of extrusion die 20. The 
general arrangement of such co-extrusion devices are them- 
selves well loiown in the art 

As rBustrated in Fig. i, the left periphery of inner 
extrusion port ii is positioned in approximats aiigrvnent with 
the ieft hand side of a land surface 24 of outer extrusion 
port 21. Such an aSgnmOTt is found advantageous for 
producing a satisfactory produa when the co-extruded rope- 
(Oca product having c&ssimilar outer and inner portions is 
received and transported away by conveyor 30 moving to 
the right as indicated by the arrow A in Rg. i. That is, 
when conveyor 30 is fixjving as indicated by the arrow A, 
best results in the quality of the co-extruded prtDdLKJt are not 
OOTeraily obtained by centrally positionirig inner extrusiOT 
port 11 vrith respect to outer extruskin port 21. The exact 
lateral positioning of inner extrusion port 1 1 respect to outer 
extrusion port 21 for producirxs an optinuim quality product 
may vary sDghtfy depencSng on the composition of the inner 
and outer doughy masses and the linear speed of conveyor 
30 but can be routinely determined in view of the foregoino 
general gudanca. Means (not Sustrated) would be provided 
to laterally rrx^ve die casing 7 ena thereby outer extrusion 
port 21 with re^ject to tftner axtfusion pc»t 1 1. 

As shown in Rgs. 3 and 5, particulats material, such 
as chocolate chips, are dsposed in the outer doughy mass. 
Means are pnsvided to tumble the particulate material of the 
outer doughy mass of tfie rt)pe-{S(e extnidate so that at 
least a portion of the particulaie matariai penetrates the 



exterior surface of outer doughy mass portion. Funi\gr, 
means are provided whereby partial covering of tfie par- 
ticlea penetrating the exterior surface of the outer portion of 
the co-extruded product are removed. 
5 As iflustrated in Figs. l. 2 and 3. outer extrusion port 

21 havvig an orifice 25 is formed in bottom die plate 20 
end includes land surface 24 and a bevel surface 22 on the 
interior side of outer extrusion port 21. Land surface 24 
intersects bevel surface to form an intersection 6ne or edge 
ia Z7, Land surface 24 is a peripheral surface of outer ex- 
trusion port 21 and extends parallef to the axis thereof. 
Bevel suface 22 is located on the inner or interior side of 
outer extrusion port 21 fi.e.. upstream of land surface 24 
with respect to the direction of extrusion along the axis of 
rs the outer extmsion port). Bevel surface 22 extends around 
the perimeter of outer extrusion port 21. 

IhB turbulence inducing meana comprises bevel sur- 
face 22 and edge 27. it is important that edge 27 be 
substantielty sharp in order to induce turbulence In par- 
se ticulata matter 26 of outer dough 32. By substantially sharp 
meam that edge 27 may have a very small m&ua. It is 
important however, that edge 27 not have a large radius, 
because a targe radius will not create the desirad turbu- 
lence in the outer dough 32 and the tumbfing of the 
2S particuiaie material 26 and. thersfbre. satisfocury penetrsh 
tion of the exterior surtace 33 of the com po ai tB rope-ika 
product 35 win not be achieved. 

Land surface 24 serves to remove partial dough cover- 
ing or dough skin from the particutate material 28 whx^h 
30 penetratss the outer dough surface 33 of the outer dough. 
The length of land surface 24 must be suffidem to substan- 
tially remove any partial dough covering or skin from the 
particulate material 26 which penetrates the outer exterior 
surtace 33 of the outer dough. However, land surface 24 
35 shoukj not be so tong as to push partjcutate- material 26 - 
back into the dough. 

As shown in Fig. 2. inner e xtr us kan port 11 of fifier tube 
10 is recessed from outer extrusion port 21 a distance ^ 
This recessing defines an exit passage 28 through which 
40 the outer doughy mass passes as it begins to envekjp the 
inner doughy mass 34 exiting inner extruscn port 11. Dis- 
tance d is of a size to permit partx^lata materiai 26 
contained in the outer dough 32 to peas through eadt 
passage 28 without ctoggtng or agglomeration. 
45 Advantageously, distance ^ is selected to be at iea^ 

about 1^ times the maximum dimension of the target 
partx:les 26 disposed in outer doughy mass 32. in most 
appficatnns, ^ wouU not exceed 2 times the maximum 
particle size, because as ^ gets larger the cross-sectional 
50 area of orifice 25 tends to increase rapkfly and the thck- 
ness of the outer doughy mass 32 woukJ concomitantty 
Increase with respect to the thckness of inner doughy mass 
34 and not nesutt in a desirable commercial product It wifi 
be underetood that the distance ^ is not deSned by ran- 
55 domly over-size partk:l8s which do not confonn to the 
intended commercial partx:ie size or grade. In general, the 
closest distance ^ from the inner extniskxi port 11 to the 
outer extruswn port 21 is about 5n6 inch to about 7/i6 
inch with 5/16 inch being satisfactory in many appficatkxis. 
60 Bottom die plate 20 may be fabricated from a single 

moktod or machined material, as aiustrated in Rg. 2. or it 
rnay be tabricated from an inskJe plate borx^ ffi cornbina- 
tion with an outskte plate of same or different material, the 
insxie plate bearing bevel surface 22 and the outsxte plate 
65 providing land surtace 24, as illustrated in Fig. 3. In either 
case, edge 27 wiU be formed at the im ersectkxi of bevel 
surface 22 and land surface 24. 
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As fliustrated in Fig. 4. inner Qxtruskxi port 1 1 has an 
exit orifice 4.1 with a oenerafly oval cross-section prefarabiy 
taking the form of a pair of semiarcuiar end portions 4ia 
and 41b joined by a central fBoangular portion 4ia Filler 
tube 10 may have a generally oval cross-sectional shape 
conlofminQ to exit onfice 41. 

In accordance with the present invention, outer exit 
orifice 25 has a generally D-shaped CTDss-section Including 
a semidrcuiar portion 25a and a generally rectangular por- 
tion 25b. Exit orifice 25 is ^defined in part by a straight edge 
or bourxlary line 25c Boundary rme 25c artd semicircular 
portion 25a of outer exit opening 25 are located on up- 
stream and downstream sides of the outer axtatsicn port 
21, as defined by the direction of motion of corrveyor 30 
(arrow A). Simiiarty, semidrcuiar portions 41 b and 4ia are 
tocaied on the conveyor upstream and conveyor down- 
stream sides of rectangular central portion 4ic. respectivety. 
Boundary line or edge 25c extends perpendicularty to the 
direction of motion (amjw A) of corrveyor 30, or, more 
particuiarty. perpendicuiarty to the center line or direction of 
motion of corrveyor 30 in an orthographic projection of exit 
orifice 25 onto the plane of conveyor 30. This geomethc 
neiationship hoWs even in the event that conveyor 30 does 
not extend parallel to the lower surface of piaie 20 (see Fig. 
1) but rather at an angle thereta 

Aa illustrated in Rg. 4, inner exit orifice 4.1 has a length 
4id measured from the conveyor upstream side to the 
conveyor downstream side and a width 4ie measured 
perpendicularty to the length dimension. Similarly, outer exit 
orifice 25 has a length 25d measured in the direction of 
motion of conveyor 30 and a width 25e measured per- 
pendicularty to lengths 25d and 4id. In a preferred embodi- 
ment of the invention the length 4id and width 4ie of inner 
exit orifice 41 are approximatety 0.687 inch and 0.562 inch, 
respectively. whOe the length 2ad and width 25e of outer 
ejdt orifice 25 are 0.844 mch and 0.750 inc^ respectively. 
In this particuiar embodiment of the invention, inner exit 
orifice 41 has a cross-sectionai area of 0.318 square inch 
and outer exit orifice 25 has a cross-sectional area of 0.571 
square inch. In accordance wHh the present invention, the 
fe^ear dimensions of the exit orifices may be varied within 
limfts. while keeping the cross-sectional areas apprtsdmateiy 
conetam. Although the cross-sectional areas may be modi- 
fied somewhat it is desirable that they not extend beyond 
the range of 0.530 square inch to 0.580 square inch fbr 
outer exit orifice 25 or beyond the range of 0.300 square 
ffich to 0.330 square inch for inner exit orifice 4i. 

In accordance with the embodnnent of*lhe present 
invention illustrated in Rg. 4. the lower edge of bevel 
surface 22. intersection Bne or edge 27. has a D- 
shape, while the upper edge of bevel surface 22 has a 
circular tfiape. The 0-shaped exit orifice may be fanned by 
first machining a circular bore in bottom plate 20. fbrming 
bevel surface 22 and then expanding or modifying one side 
of the exit orifice to form a generally rectangular shape. 

As aiustrated in Rg. 8. land surface 24 of outer ex- 
trusion port 21 may be pnjvided with a multipficity of 
longitudinal scallops 37. ^ scallops extending in the frac- 
tion of the axis of outer extnjsion port 21. At the upstream 
side of exit orifice 4i. as defined by the (firedion of motion 
A of conveyor 30. scaBops 37 interrupt the straight line 
boundary of the exit orifice cross-section to form a plurality 
of oo-linear Sne segments 43 which define a straight base 
line 45 extending substantially perpendiculariy to the (fic- 
tion of motion of conveyor 30 in an orthographic projection 
of outer exit orifice 25 onto the conveyor. 



A rope-like extrudale produced by a co-extnision ap- 
paratus with the exit orifice aoss-sections iOusirated in Figs. 
4 and 6 has a D-shaped outer profile with a flax surface on - 
the upstream side, as defined by the direction of motion A 
5 of conveyor 30. This flat surface engages the surface of the 
corrveyor upon the deposition of the extrudata mass on the 
conveyor, whereby the rope-like extrudate material assumes 
a substantially unifonn position with respect to the conveyor 
akxig the length thereof. 
JO Operation of a co-extmsion apparatus incorporating the 

present invention may be described in conjunction with Fig. 
3 arKf F>g. 5. An inner dough 34 is fed under pressure 
through filler tube or inner extmsion conduit 10 by an auger 
or gas pressure. An outer dough 32 which is dissimilar to 
75 the inner dough 34 is fed under pressure through outer 
extmsion conduit 23. the outer dough 32 containing par- 
ticulate material 26. The inner dough 34 exits inner ex- 
trusion port 11 and is enveloped by the outer dough 32 
which passes through exit passage 28. The inner dough 34 

20 enveloped by the outer dough 32 then passes through the 
outer extrusion port 21. The partk:uiatB material 26 in outer 
dough 32 is caused to tumble as outer dough passes over 
bevel surface 22 and intersection edge 27. 

At least a portion of the tumbling particles of particulate 

25 material 26 will partially break through exterior surface 33 of 
outer doughy mass 32 as the inner doughy mass 34 and 
the outer doughy mass 32 co-extruded product passes 
through exit orifice 25. Land surface 24 substantially re- 
moves partial dough coverings or skin from the projecting 

30 particulate matter 28, It will be appredated that a portion of 
the particulate material 25 win remain embedded within the 
outer doughy mass 32. However, a sufficient amoum of 
partides of the partkajlaie material 26 will be tumbled at or 
near the surface of the outer doughy mass to render the 

35 desired appearance to the extruded dough rope-Uke product 
35. 

Rope-like product 35 exits the outer extrusion port 21 
and is received and transported away by horizontally dis- 
posed COTveyor 30. Typically, product 35 wouW be cut into 
40 Individual portions by any convenient cutting means well 
known in the art such as a vertically reciprocating cyfmdrical 
cutter having a Wunt circular cutting edge. The cut portions 
of the rope-fike product wouW be further transported to an 
oven for baking. 

45 The operating of a co-extrusion apparatus incorporating 

the preeent invention would most advantageously, be carried 
out continuously in an automated process. The composite 
rope-iace product 35 may be extruded at a rate as tow as 
about 2 feet per nwwte and the desired tumbling affect wifl 

50 be achieved. The maximum speed of extrusion of the rope- 
like pnxluct 35 may be typically 35 feet per minute. The 
maximum speed of extrusion of the rope-like product 35 is 
determined by practical consideration such as the , size of 
the oven and the avoidance of tears in the outer dough 32 

55 Of the compos rope-like product 35. In general, the con- 
veyor means 30 picks up and carries away the co-extruded 
composite dough rope-fike product 35 at a speed equal to 
or just slightly greater than the speed of extrusion so that 
the rope-iace product 35 is oriented in the direction of travel 

60 of the conveyor means 30 but is not overiy extended so as 
to cause unsightly discontinuities in ti« outsr dough portior\. 

A co-extrusion apparatus incorporating the improve- 
ment of the present Invention is highly advantageous fbr tiie 
automated manufacture of chooota^ chip cookies having a 

65 dissimiiar inner dough and outer dough and wherein the 
finished product has a commercially desirable handmade 
appearanca The inner dough 34 can be a chocttete chip 
cookie dough with or without chocolate chips, while ttie 
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outer douQh 32 can a!GO be a chocofata chrp coofcie dougn. 
suitably dissimilar to the irmar dough and could contain 
chocolate chips. Suitably, the inner dough can contain a 
humectant in order to render the finished product with a 
moist and chewy inner texoire after baking. The outer 
dough can be a nomiai chocoiatB chip cookie dough which 
takes on a cnspy brown appearance and texture after 
baking. 

The size of the chocolate chips, i.e.. the particulate 
matter 26, in the outer dough mass 32 can be of the sire 
which provkJas from about 1300 chips per pourxl to about 
10,000 chips per pound. An advantageous chip size is 
about 4,600 chips per pound to about 5,000 chips per 
pound with about 4,800 chips per pound being a particularfy 
desiraWe chip size. The concentralicn of chocoiaie chips in 
the outer dough 32 at the exit passage 28 may be from 
about 3% to about 40% by weight based on the dough and 
is suitably about 7% to about 20% by weight A concentra- 
tion o1 chocoiate chips of aOout 15% by weight based on 
the dough has been found useful. A co-extrusion apparatus 
incofporasing the present invention is particularty useful for 
the manufacture of chocoiaie chip cookies. The inner dough 
may or may not contain chocdata chips. 

Claims 

1. A co-extrusion apparatus for forming a continuoua 
food product having dissimilffl' inner and outer portions 
wherein said inner portion ts enveloped by said outer por- 
tion and said outer portion is a dough, said apparatus 
comprising an inner extrusion port an outer extrusion port 
first conduit means, secorxJ conduit means and transport 
means, said inner extrusion port having an inner exit orifice 
with a first cross-sectionai area through which said inner 
portion is extruded, said outer extr us ion port having an outer 
exit onfx» with a second cross-sectior^ area greater in 
area tfian said first cross-sactnnai area, seki inner extrusion 
port b&ng spaced from said outer extrusion port to define 
an exit passage between said inner extrusion port and said 
outer extrusion port, sakj first corxjuit mearw communicating 
with said inner extrusion port fior providing said inner portion 
thereto, said secorx) conduit means communicating with 
said exit passage far providing sakj outer portion thereta 
whereby sakj outar dough portion passes through sakj exit 
passage and envetops sakj inner portion extruded through 
said inner extruskjn port sakJ transport means including a 
conveyor arranged to move continuously in operatkxi for 
receivino sakj food product upon extruskxi thereof through 
sakj inner and sakj outer extruskyi poa the motion of sakj 
conveyor past sakj inner extruswn port and sakj outer 
sxlrusnn port defining an upstream skje aryj a downstream 
skje with r8^36Ct to sakJ inner asarusion port arxj sakj outer 
exmjsion port, whereoi the outer exit orrfce has a cross- 
sectxxi with a pcrtxxi defining a straight base Bne at the 
upstrsam skje. whereby the food product is provided with a 
cross-sactkm facStatinQ the positkxiino of the fbod product 
on ths conveyor. 

2. The appaiatis defined in claim i wfierein the cross- 
sectnn of sakj outer exit onfx:e has a straight fiite boundary 
at sakj upstream skje. sakj straight Sne boundary sxtsrxjing 
substarttiafly perpen(flcularly to the directxxi of motton of 
sakj conveyor in an onhographic projectkxi of sakj outer 
exit orifice onto sakj conveyor. 

3. The apparatus defined in daim 2 wherein the cross- 
seakm of sakj outer exit ortfk» is 0-shaped with a curved 
boundary at the downstream skje opposite sakj straight fine 
boundary at sakj upstream skje. 



4. The apparatus defined in daim 3 wherein the inner 
exit orifice has a generally oval cross-seclwn having a 
length dimension and a width dimenskxi measLved substen- 
tially peipendk^utarly thereto, sakj length dimenskxi being 

5 larger than sakj wkjth dimenskan and beffig measured ki a 
directkxi axtarKfing from sakj upstream side to Said down- 
stream skje. 

5. The apparatus defined in dsim 4 wherein the cress- 
sectkxi of sakj outer exit orifice has a length dimenakm and 

70 a wkflh (fimension measured substantially perpendfcUerfy 
thereto, the length dimenskan of sakj outer exit orifice bekig 
larger than the wkjth dfrnenswn of sakj outer axit orifice »id 
larger than the length dimenswn of sakj inner exit orifice, 
the length dimenskxi of sakj outer exit oriftoe being mea- 

75 surod from sakj upstream skje to sakj downstream skJe, the 
wkfth dimenswn of sakj outer exft orifice being larger than 
the width dimenskxi of sakj inner exft orifice. 

6. The apparatus defined in daim 5 wherein the width 
dimenskxi of sakj outer exit orifice is larger than the length 

20 dmenskxi of sakj inner exit orific& 

7. The apparatus defined In daim 4 or 5 whereki the 
cross-section of sakt inner exit orifice has a pair of semicir- 
cular end portions joined by a rectangular center porffan. 

8. The apparatus defined in daim 7 wherein the cross- 
es sectkxi of sakj outer exit orifice has a semicircular end 

portion on the downstream side and a substantiafly rsctan- 
guiar portkyi on the upstream skja 

9. The apparatus defined in daim 4 or 5 wherein the 
first cross-sectkxial area is between 0^00 square inch and 

JO 0.330 square inch and wt^eretn the second crcss-sectksnaJ 
area is between 0.530 square inch and 0.580 square inch. 

10. The apparatus defined in dakn 9 wherski sakl first 
cross-sactkxial area is approodmately 0.318 square inch and 
sakj second cross-sectkxiai area is approodmately 0.571 

35 square tnch. 

11. The apparatus defined in daim 10 wherein the 
length dimenskxi and ttie wktth dimenskxi of sakl inner exit 
orifice are approximately 0.687 inch and 0.562 inch, re- 
spectiveiy. and wherein the length dimenskxi and the wkJth 

40 dimenskxi of sakj outar exit orifice are apprtsdmately 0.844 
inch and 0.750 inch, respectively. 

12. The apparatus defined in daim 3, 4 or 5 wherein 
sakj tmer extruskxi port is recessed a <fistance from sakj 
outer extruskxi port sakj exit passage being defined by sakj 

45 distance between sakl inner extruskxi port and sakj outer 
extruskxi port, sakj outer extruskxi port having an sdos 
defining the direction akxig whwh the food product Is qk- 
truded. sakj outar axtrusk^n port having a first surtaoe 
extending parallel to sakj axis and defining sakj outer eadt 

SO orifice, sakf outar extruskxi port having a second surface 
beveled at an angle with respect to sakj axis and outwardly 
from sakj first surface, sakj second surtace being disposed 
upstream from sakJ first surface relative to the (fcectwxi of 
axtmskxi akxig sakj axis, sakj first swface and sakj second 

55 surface kitersecting akxig a 0-shaped One, sakj second 
surface having a drcular shape on an upstream skle rela- 
tive to the direction of extrusion along said axxa. 

13. An extruskxi apparatus for forming a continuous 
food product sakj apparatus comprising an exiruaion port 

60 with an exit orifice and a conveyor arranged te move 
continuously in operatkxi for receiving sakj fbod product 
upon extiTjskxi therof through sakj extruskxi port, the motkxi 
of sakj conveyor defining an upstream skje and a down- 
stream skje with respect to sakj extruskxi port wtierein the 

65 exit orifice has a cross-sectkxi with a portkxi defining a 
straight base One at the upstream skle, whereby the food 
product is provkjed with a cross-sectkxi facStating the posi- 
tkxiing of the food product on the conveyor. 
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14. The apparatus defined in daim 12 wherein the 
cross-section of said extrusion port has a stroigm line 
boundary in said portion, said straigm Bne txxxnda/y extand* 
ing substantiafly penpendicularty to the direction of motion of 

said conveyor in an orthooraphic projection of said exit 5 
orifice onto said conveyor. 

15. The apparams defined in claim 13 wherein the 
cross-section of said exit onTca is D-shaped with a curved 
boundary at the downstream side opposite said straight One 
boundary. 70 
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